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A STUDY OF THE EFFECT OF INCANDESCENT GAS
LIGHT ON PLANT GROWTH.
The work of modern experimenters, while it may not be ex-
pressed in words, slill indicates that the kind of artificial light
used in physiological experiments upon plant growth, predeter-
mines the results. If electricity is the source of light, affirma-
tive results may be expected, such as those recorded by C. W.
Siemens, in England; those of Deherain, at the Exposition
Electric in 1871 at Paris, or Bailey and Kane, at a later date in
our own country.
After having followed closely the work of the persons f.bove
mentioned and that of others along the same line, the writer
became strongly of the opinion that it was not so much a ques-
tion of the manner of making the artificial light, as the quality
and intensity of the light.
The work of Deherain, of Paris, clearly shows that the qual-
ity of the light had much to do in determining the results. The
naked arc electric was frequently hurtful while the same lumi-
naiy enveloped in an opalescent shade or jacketed by a solu-
tion which absorbed certain portions of the spectrum, instead
of being harmful really became somewhat of an advantage.
Bailey's work is a record of like results. The naked arc
light being harmful at close range, while plants under a jack-
eted lamp were less injured- and at given distances really
benefitted by the use of the light.
Rane in working with the incandescent electric light records
no such injury but shows quite as marked advantages as those
recorded from the use of the arc lamp.
These results from such different sources would seem to show
that it was a question of light of a given quality and intensity
rather than a question of the source or manner of producing
the light. In order to test this question and if possible to deter-
mine the range of the influence of an artificial light, the writer
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in the fall of 1895 began a test of the influence of the Welsbach
incandescent gas light upon various plants growing in the
green houses. This work modified from time to time to meet
the requirements of the plant in use, has been continued up to
the present, Aug. 1899,
In no case was the artificial light found to be a satisfactory-
substitute for daylight. But it is believed that could the con-
ditions of the plants in the dark chamber during the day be
kept as nearly normal as are the conditions for plants exposed
to the artificial light at night only, the results would be quite
different. The usual method is to place the plants to be ex-
posed to artificial light only in a dark close box during the day
and place them upon the benches under the light at night.
This scheme while accomplishing the ends desired so far as the
light factor is concerned, nevertheless places the plant under
abnormal conditions during the time it is kept in the dark. M.
Deherain in working upon this phase of the problem with the
electric light had a miniature green-house constructed with
darkened interior. That was much better than is usually the
case, but even witti plenty of air and room as would be the case
in such a dark chamber, the results were not encouraging, and
few plants were able to make more than a feeble growth with
the electric light only.
In our own work little attention has been given to this par-
ticular problem. One experiment with lettuce being tried to
demonstrate the influence of the gas lamp. This test was not
satisfactory because the dark chamber for storing the plants
during the day was too small and the plants damped off.
Since the completion of the first seasons work, which proved
the stimulating influence of the incandescent gas lamps, the
tests which have been carried on have been of an economic
rather than a purely technical nature. True a number of
scientific questions have been considered and answered so far
as the conditions of these tests would admit of answering them,
but in all cases the economic value of the work has been a con-
sideration.
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LETTUCE.
This crop has been used as
the basis of all the light tests
during the four seasons over
which the work has extended.
During that time nearly 10,000
plants have been used in the
various tests. Varieties have
played little part in this work.
The position of the lights
have been altered so as to
have first the north and then
the south section of the house
used as the light portion. In
this way any conditions in
one portion which tended to
augment or detract from the
true stimulus resulting from
the light was counter-bal-
anced when the reverse end of
the house was used. The
diagram of the ground plan
of the house (Fig. 1) and the
end view of the house (Fig. 2)
will explain more fully what
is meant. The position of cur-
tain was constant, indicated in
(Fig. 1,) but the lights, eight
in number, were first arranged
along the south end of house
D, in the positions indicated
by 1, 2, 3, 4, 5, 6, 7, 8, shown in
(Fig. 1,) after having been used
upon a crop of lettuce with
section D' for the light house
the lamps were then changed
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Fig. 2.
to the north end of the house where they occupied the position
1', 2', 3', 4', 5'. 6', 7'. 8 , and that section of the house indicated as
D", 'Lea became the light section, section D' then being Ihe
normal. This alteration has been so made that D' has been
the light section both during the fall and early winter and
spring portion of the year. The same is also true of section D :?
when used as the light portion. In this way it is believed that
errors which are liable to result from differences in temperature
and light conditions, which are apt to occur in the most care-
fully constructed greenhouses, have been overcome. Then, too,
Normal. Fig. 3. Light.

Plate II.
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the results presented are not those for a single season merely,
but are the conclusions verified over and over again, in fact no
less than twelve distinct crops of lettuce have been brought
under the light conditions. In some cases the plants' have not
been subjected to the light until they were taken from thumb
pots and set 8x8 in. apart upon the permanent bench of the
green house ; in other tests the seeds have been sown upon the
benches and the young plants subjected to the light conditions
from the moment they appeared above ground until fit for use.
After a careful comparison of the two methods of treating the
young plants the system of transplanting from pots and using
the light upon the plant only during the period it occupied
the permanent green house bench, was adopted as the more
satisfactory commercial practice. The plants grown by the pot
system responded readily to the influence of the light and
gave a stockier and more salable product than could be grown
by the other system—that of sowing the seed where the plant
is to grow, even under the best of treatment. Lettuce plants
subjected to the light without transplanting grow too tall with-
out making a sufficient spread of leaves to give the greatest
weight of product for the area occupied. The stimulating in-
fluence ot the light was even more marked than in the case
where pot-grown plants were used, but the commercial bear-
ing of the light was a chief consideration, therefore, the ex-
treme height growth which results from the light stimulus was:
sacrificed in the case of seed sown where plants were to stand!
for the more stocky and more symetrical growth obtained from1 -!
plants grown by the pot method. Fig. 3 and Plate I illustrate
the characteristic form and difference shown by plants grown
by the pot method, one transplanted to the light section and
the other to the normal section of the house.
Fig. 4 gives a view in the light section while Fig. 5 is its
complement, taken at the same time in the normal section.
The photographs illustrate the striking difference in growth
obtained from the use of the light upon plants grown by the
pot system and transplanted to the bench, the plants being sub-
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ject to the influence of the light at night only during the time
they occupied the green house bench.
The actual measurements of plants as well as their compara-
tive growth is represented by the line charts. Chart (A) made
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Note—The horizontal lines of the line chart are one inch apart, the numbers in the
spaces ropresent the number of inches above the base line, so that the height of any
plant in a row can be determined by locating the height of the first plant upon the
scale and counting above or below that point to get the others. The perpendicular
lines are eight inches apart.
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growth of plants which had been retained upon the benches
much longer than is usual in commercial lettuce culture. In
fact it was the plan to show, if possible, which section of the
house would most quickly cause the plants to form seed stalks.
The curve of the light house is instructive in that it shows two
important factors in the behavior of the plants in the house at
this time It will be noted from a glance at the diagram that
the plants near the light, i. e. those represented at the left of
the curve, show a much greater growth than those near the
other end of the house. A less marked variation is shown in
the curve of growth of the plants in the normal section made
at the same time. In the case of the light house lettuce the
stimulus from the lamps is clearly shown at the left of the
curve. This house shows in a marked way the influence of the
lamp upon the plants near by as well as suggesting the range
of its influence.
The curve^for the normal house made from measurements
taken Nov. 28, 1896, shows greater uniformity in the growth of
the plants from end to end. In order that these curves of ac-
tual measurements might be more easily compared and in order
that individual peculiarities of growth might be less apparent,
a line which is made up of the averages of the three lines of
measurements has been constructed and is marked normal.
This more clearly shows the general tendencies of the plants
under the two conditions. The normal for the light house is
very emphatic in its verdict for the stimulating influence re-
sulting from the use of the light.
The results of the growth of plants which were allowed to
come only to a profitable commercial development is shown in
the line chart B.
A glance at these measurements and their normal repeats
the result above recorded, but in a less emphatic manner. The
line is sufficiently broken to clearly show the influence of the
light, as compared with the more regular line for the plants in
the normal house.
While the lines and the photographs tell the same story we














/ _:^r:\ _ \X-
r
- -J -
\ . .I _
- A -r ''-' - ^ -
<
-
\ \ - -,U-\ - A -












J >r r 7
\ \^ / yfy / -^T A \ _ 5 -r
1
\ \ \ \ _ ^ _
\
7 y'/ 7
7 l^y* T\ A "~^ A zL _
1 j a/**" / z'
\
I 1 i
1 l<\ AV--4l\ \ 1 5> -
\ \/\ 1 u -
v ist \ tv -









INCANDESCENT GASLIGHT ON PLANT GROWTH. 87
have it again set forth in the weights of the plants grown in the
two divisions of the house.
The weight of 400 plants in the light area was G8.56 lbs. or
.1714 lbs. per plant, in the normal 49.428 lbs. or .12357 lbs. per
plant, a difference of 19.13 lbs. for the two sections and of .0478
lbs. per plant.
These plants were from seed sown Nov. 1, 1897, and set in
the bed Jan. 6, 1898. The weights were made Feb. 21, 1898,
The plants had, iherefore, been under the influence of the light
forty-six nights. During that period the lamps were turned on
at five o'clock p. m.. and extinguished at 7:15 next morning,
thus making 655.5 hours that the plants were actually exposed
to the stimulus of the light against 448.5 hours that they were
in normal conditions. With the aid of the light the plants ex
ceeded those in the normal section by 88.7 per cent, of the total
weight of the plants in the normal house.
This clearly demonstrates that there was an actual gain in
plant tissue in the lettuce under the influence of the light.
Measurements and photographs show the difference in appear-
ance, but weights alone are capable of proving that these seem-
ing gains are real.
In fact it might be possible for a plant because of some ex-
citing cause, to make a tall growth which photographs or meas-
urements would show to be as striking as those above recorded ;
yet the weight of the plant might be even less than that of one
grown under normal conditions. Here, however, all three
photographs, measurements and weights record the same results.
HOW PLAINTS BEHAVE UKDER ARTIFICIAL LIGHT.
In connection with the foregoing studies auxanometer re-
cords were taken from a number of plants, both in the light
and normal sections of the lettuce and spinach houses.
The greatly reduced scale of these records which was made
necessary in order that they might be reproduced in the text
has destroyed a great part of their usefulness. As originally
made the record was twenty-four inches long, the growth of the
plant magnified four times with the result that variations in
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the pitch of the curve were much more marked than appears
upon the reduced reproduction.
For that reason it has been thought wise to state the con-
clusions resulting from a study of the auxanometer records
without attempting to reproduce more than a sample sheet
from each the light and normal sections of the experiment.
The machine used for this work was one devised for experi-
mental research by the writer and is shown in the accompany-
ing illustration, (Plate III.) The simplicity and stability of the
device will at once suggest itself to the reader. A continuous
record from a single leaf of a plant in the light house is shown in
Chart C, while one of the same age and for the same period in
the normal house is bhown in Chart D. These records read
from left to right, the fall of the line measures the upward
growth of the plant, i. e. the perpendicular distance from the
beginning of the first line to the beginning of the second, shows
the actual growth made by that leaf during 24 hours, or the
distance from left to right across the sheet represents 24 hours
of time.
A comparison of Chart C with Chart D will at once reveal the
more rapid rate of growth of the light house plants and will
also show the greater actual growth of the light plants during
the period of eight days over which this record extends. The
squares represent £ inch actual measurement ; the growth of
the light plant it will be discovered covers some five spaces
more than the growth of the normal plant. The record then
shows that the light plant really grew one and one-fourth
inches more in eight days than the normal plant. The records
here reproduced represent the form in which the instrument
does its work and gives as well an idea of the character of the rate
and periodicity of growth of plants under the two conditions.
The records of plants grown under the stimulus of the light all
agree in showing that the fall of the recording needle was
greater than for plants in the normal house. Records from a
single leaf kept under continuous observation from the time it
was first unrolled until it had completed its growth show that
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period from appearance to full maturity is actually lessened
for plants under the influence of the light.
PERIODICITY OF PLANT GROWTH MODIFIED BY THE INFLUENCE OF THE
ARTIFICIAL LIGHT.
In this study no attempt is made to determine the periods ot
growth of various plants, it was taken up merely for the pur-
pose of determining, if possible, whether or not the plants
under the stimulus of the artificial light would show the same
or a different period of growth from those in the normal house.
A comparison of the records from the two divisions of the
house show that the period of most active growth is considerably
longer in the case of plants under the influence of the artificial
light than for those in the normal house. As a type illustration,
the sheets here reproduced (Charts C and D) show that the most
active period of growth for the plant in the light section began
at eleven (11) P. m. and continued to nine (9) a. m., while dur-
ing the same space of time the normal plant gave an ac'ive
growth period beginning at four a. m. and continuing until (11)
eleven a. m. In the case of the light plant the period was ten
(10) hours while in the normal house the period was seven
(7) hours, This then together with the greater rate of growth
recorded in the light section easily explains the differences
recorded in photographs, measurements and weights.
RADISHES.
In commercial lettuce culture it is a common practice to
grow radishes between the rows, particularly when small let-
tuce plants are used for planting in beds of the greenhouse.
In several instances during the course of the light tests radishes
have been used as a "'catch crop" with lettuce and in no case
were any harmful effects noted from the combination. The
plants here illustrated and upon which the conclusions here
recorded are based were grown in the manner above described.
As is noted in the case of the sugar beet the radish shows a
marked tendency to the formation of a large top when under
the influence of the light ; however, the increased top in the
case of the radishes did not appear to be at the expense of the
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root as is so apparent in the beet. In fact the roots of the light
house radishes were usually about the same size as those in the
normal house. The difference in the two being in favor of the
light house plants as is shown in the two turnip-shaped vari-
eties illustrated by Fig. 6 and 7. The half-long variety shown
in Fig. 8, does not record a difference in favor of either the
light or normal section so far as root growth is concerned, while
the top growth of the light grown plant is considerably taller
than the other. These results, I am aware, are not in conform-
ity with the results of Bailey with the use of the arc electric
light;1 whl. e the record of Kane's tests with the incandescent
electric light 2 during the season of '92-3 is indefinite.
Helictropic effect of the incandescent gas light upon jadishes
is noted, (Jan. 6, 1S97). as being more marked than upon any
other class of plaits in the test. At that time lettuce, spinach
and ladishes were under observation. Later a slight leaning to-
wards f he light was also noted in the case of lettuce, spinach,
tomatoes (all young seedling plants,) and quite as marked an
effect in the case of cabbage as was shown in radishes. It would
be difficult to show theso variations either by photograph or
diagram, therefore a brief mention of the facts is all that is at-
tempted in this place.
SPINACH.
No plant used in these tests responded more to the stimulat-
ing influence of the gas light than spinach, although it was not
made a basis of any extended study because even if showing a
high susceplibitily to such a stimulus its low commercial value
as a forced crop would not warrant the use of the light in grow-
ing it. From a physiological standpoint, however, the results
given by this plant are of interest and importance when com-
pared witn other nearly related plants.
The peculiar action of spinach when placed under the in-
fluence of the incandescent gas light is well illustrated by
Chart E, which not only gives the behavior of each plant as
1 Cornell University Exp. Station Bulletin No. 30.
3 Bulletin 37, W. Va. Exp. Station.
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compared with every other in the test but also gives the actual
measurements of the plant on a scale of 1-50 their actual size.
The platted curve for the light house spinach shows hnw
greatly the plants near the lamp was stimulated by it. The
curves in all cases begin with the plants nearest the light and
record the behavior of each plant as distance from the lamp in-
creases. In this way not only do we get the comparative in-
fluence of the light upon the plants at any given distance, but
we have it for all distances covered by the length of the row in
question, the result is that we have the range over which the
light shows its influence. In few instances is this better shown
than in the line chart for light house spinach. The first part of
the curve shows a marked tendency to upward growth while
as the other end of the row is reached much less tendency to
height growth is shown and the behavior of the plants becomes
more uniform. A glance at the curve pf growth in the normal
portion of the house shows a remarkable uniformity in growth
of plants from one end of the line to the other. When it is
remembeied that these plants were grown upon the same
green house bench from the same seed sowing, the two ends be-
ing set off only b}r an opaque curtain and one given the stimu-
lus of the incandescent gas light as its only advantage over the
other the difference recorded becomes more significent.
JNot only was height growth stimulated in the manner above
shown but a marked tendency to run to seed became notice-
able in all plants near the light. This difference became so
pronounced that the following note was made upon the be-
havior of a number of p ants; notes made Dec. 11, 1896:
First plant thirty-two inches from light, not healthy, small
.and with curled leaves.
Second plant thirty-six inches from light, has thrown up a
seed stalk three inches high, plant healthy.
Third plant thirty-eight inches from light, seed stalk four
inches high.
Fourth plant forty-two incnes from light, seed stalk nine
inches high.
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Fifth plant forty-six inches from light, no seed stalk, plant
unhealthy.
Sixth plant forty-nine inches from light, no seed stalk, plant
unhealthy.
Seventh plant fifty-seven inches from light, seed stalk twelve
inches high.
Eighth plant seventy-one inches from light, seed stalk seven
inches high.
Ninth plant seventy-seven inches from light, seed stalk three
and one-half inches high.
Tenth plant eighty-three inches from light, seed stalk four
inches high.
Eleventh plant ninety inches from light, seed stalk four
inches high.
Twelfth plant ninety-six inches from light, no seed stalk.
No other plant in either the light or normal house gave in-
dication ol the formation of a seed stalk at this time, this then
in a manner measures the range of the greatest stimulus of the
light upon the formation of seed stalks.
Note made Dec. 23, 1896. Two spinach plants in light house
in bloom, and two others with well formed blossom buds nearly
ready to burst into bloom. The interval of twelve days which
has intervened since the last note was made is due to the plant
which had the tallest blossom stalk and most advanced blossom
buds having "'damped off" since date measurements were
taken, a more tardy plant then makes the date of bloom instead
of the most advanced one. Up to this time, Dec. 23, no seed
or blossom stalks have appeared in the normal house.
TOMATOES.
The plants used in the test were of three lots. Those which
may, for convenience, be called Lot 1, were normal seedling
plants from seed sown Nov. 14. 1895; the young plants were
pricked out on the 27th, placed in three-inch pots on Dec. 20
;
four-inch pots on Jan. 10, '96, and set in the greenhouse bench
Jan 3J, 1896, and began producing ripe fruits April 14.
Plants of Lot II were grown from cuttings made from healthy
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plants which had borne a crop of fruit in the green house and
which had been grown from seed sown July 27, 1895. These
cuttings were made Nov. 13, 1895, and were subsequently-
handled as follows : Placed in two-inch pots Dec. 12; three-
inch pots Dec. 20; four-inch Jan. 10, '9(5. and set in bed Jan.
31, same date as Lot I.
Plants of Lot III were grown from cuttings same as those of
Lot II, but the cuttings were made Dec. 5, '95. from plants of
the same seed sowing as those used for stock of Lot II. The
only difference between Lots II and III, being in the age of
of the parent plant when the cuttings were taken and in the
time of taking the cuttings. Those of Lot II being practically
one month older than those of Lot III, when set in the green-
house bench Jan. 31, 1896.
The accompanying table clearly brings out the behavior of
of these plants under the two conditions of the green-house, i.
e. in the lijzht and normal areas. It must be stated in this con-
nection that the plants here recorded as being in the light house
were at a distance of 20 feet from the light, and were only sep-
arated from those in the dark house by an opaque curtain
which was drawn each evening between two contiguous rows
of plants. The effect of the light upon the growth and product
of these plants was, therefore, less marked than upon plants
closer to the light. The record of plants close to the light and
those in a corresponding position in the normal or (dark) house
are here given simply for the suggestion it may offer, but not
for a basis of conclusion for the varieties are different in the
two cases, and might be sufficient to account for a part of the
difference.
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From Table I of the tomato record it will be noticed that the
totals for the normal plants exceed those for the light except
in the case of the size of individual fruits. The fruits in the
light exceeding in size those in the normal division. For the
purposes of this study it is undoubtedly more just to use the
seedling plants as a basis of comparison than to take even the
average of the total product of the three lots.
If Lot I is decided upon the results become markedly pro-
nounced and in every column marked normal we find a larger
number than in the adjacent column marked light. The re-
cord of seedling plants in Table II gives the same verdict, and
it is again repeated in columns of totals of Table II.
TOMATO BLOOM RECORD.
Variety. History.













The above record gives a marked difference in earliness of
bloom in favor of plants in the light area. This is in conform-
ity with all similar observations upon spinach, lettuce, radishes,
beets and flowering plants.
TOMATO FRUIT RIPENING RECORD.
Variety. History.













With a single exception in the first made cuttings this table
Bhows earlier fruits from the light house than from the normal.

Plate V.
Fig. !'.—^ugar Beets, Light House.
i'lG. lu.—buaar Beets, JNormal House.
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SUGAR BEETS.
The sugar beet studies in the U. S. have clearly shown that
certain areas, either because of atmospheric or soil conditions,
are much better suited to the development of sacharine matter
in the beet than others. In most cases the localities producing
beets with greatest sugar content have been in high latitudes
where short growing seasons are the rule and where the sun
shines with great intensity for days uninterrupted by cloud or
fog. These facts lead the writer to subject the sugar beet to
the influence of the artificial light to see if it, like sunlight,
would influence the growth or sugar content of the beet. Two
deep beds were constructed in the greenhouses, one in the
light house and another in an adjoining house where the light
was not used. Great care- was exercised to have all conditions
except that of light alike. The soil for both beds was thor-
oughly worked over upon a mixing floor and was then divided
into two lots, one being placed on the bench in the light house
while the other half was put in the normal house.
Seed from a common lot was sown Mar. 27, 1899, in each
bed. From the time of appearance above ground one lot was
exposed continuously to the artificial light at night while the
other was kept under normal conditions. Growth was good and
on June 12, the plants of the light house were as shown in Fig. 9,
and the normal, Fig. 10. While average individual plants from
each bed showed the difference recorded in Fig. 11, in which
"a" is normal and "b" light house.
On Aug. 28 the leaves of the plants had become badly
affected with the ''leaf spot" 1 and the product of each plant
was harvested. Eleven plants from each plat were selected
as types of their respective plats and photographed with the
difference shown in Figs. 12 (Light house) aud 13 (Normal
house.) From these the 10 largest were selected for weight
and analyses. The weight is recorded in the accompanying
table which sufficiently explains itself:
1 Cercospora beticola, Sacc.
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WEIGHTS OF SUGAR BEETS.
Normal House. Light House.













The average difference in weight of gross beet .3725 lb. in
favor of normal conditions; in weight of roots .415 lb. in favor
of normal, and .0425 lb. difference in weight of tops in favor of
light grown plants.
The records in this table are certainly striking in the difference
in weight shown between the two plats, in fact the difference
was much more than was anticipated from conditions so nearly
identical.






















While there was a marked increase in size and weight of
root as shown both by photograph and weights, in the normal
over the light house beets, yet a chemical determination of the
6Ugar contents ot the two samples shows very strikingly that
the light influenced the sacharine matter in the root to a
marked degree. This is in conformation of the theory advanced
in the introduction to this experiment.
While growers who have given close attention to the behavior
of beets in the northwest as compared with those in more
easternly and southernly localities are full}'' aware of the differ-
ences ghown by chemical analysis. I know of no other tests
Plate VI.
Fig. 12.—Sugar Beets, Light Hou;
hm. 13.—Sugar Beets, formal House.
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which have been carried out to show the
influence of light Upon sugar contents.
It is gratifying to be able to bring direct
experimental proof in support of the light
factor of the climatic conditions of the north-
west in producing an increased sugar content
of the beets grown in localities where intense
sunlight prevails during a great part of the
growing season. The results of this test em-
phasize the stimulating effect of the light on
top-growth as compared with root-arowth.
Table of "weights," page (100), is emphatic
on this point. In all respects save that of
total weight of top, the normal house beets
outweighed the light house plants, but in this
respect the table is turned and the balance
ialls in favor of the light plants.
RANGE OF THE INFLUENCE OF THE INCANDESCENT
GAS LIGHT AS SHOWN BY THE BEHAVIOR
OF VARIOUS PLANTS.
Lettuce in this as in all other phases of
the study takes the foremost places. In this
test the conditions were modified by remov-
ing the opague curtain which had served to
partition the house in all other tests. The
whole length of the sixty-foot bench, by this
change, came under the influence of the
lamps. The record is that of plants grown
from seed sown Nov. 17. 1898, potted Dec. 13
and set in greenhouse bench Dec. 28, 1898.
Measurement being made Feb. 23, 1899. The
actual growth of the plants of two rows, as
well as their normal, is here recorded in line
chart F. The influence of the light is less
marked than in some other charts but is suf-
ficiently pronounced, as shown in the normal.
£
i'
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to give a basis forjudging the range of the effect of: the light.
The scale of feet recorded below the line of growth enables
one to arrive at a just conclusion, regarding the influence of
the light upon this crop of lettuce at a glanse.
Beginning at the left hand and nearest the light, the plants
standing 8 inches from one another and the first plants (18)
eighteen inches from the lamp. As is shown in the normal it
frequently, in fact almost uniformly, happens that the first few-
plants nearest the lamp are not as well developed as those
farther away. A glance at the various line charts presented
will show this clearly. Lettuce is, however, less markedly in-
fluenced in this manner than many other plants. This peculiar
behavior is believed to be due to lack of light as illustrated by
the diagram and not to injurious rays from it. The lamps were
arranged as shown in Fig. 14. While plant No. 1 was 18
inches from the source of illumination the height of the lamp
above the bed brought the plant really almost directly under
the lamp. This is shown by the accompanying diagram.
Here plants 1 and 2 get
what light they receive from
an unprotected mantle. The
fact is, however, that plants
1 and 2 really receive very
little direct light and are,
Fig. 14. therefore, quite like the
plants referred to by Bailey as being in the shadow. Some
light did really Jail upon these plants and it was such
rays as did not pass through the glass globe, but passed out
between it and the frame of the lamp. The globes used being
large, 4 inches in diameter, the space between the base of the
mantle and the frame of the lamp was fully an inch which al-
lowed considerable light to pass. Plants 1 and 2 which usually
show a smaller growth than others in the same row may there-
fore be left out of consideration in measuring the range of the
light. From the light there is a; gradual gain in height up to
the six foot mark ,then a gradual falling off takes place which
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not unlike the variations of the lines shown by the normal
house lettuce.
In the work which has been conducted, extending over four
years, the range of the light seems to vary slightly for various
plants, but the maximum is reached at from 12 to 16 feet from
the lamp, while its influence is usually, well marked at 24. 1
Beyona that limit little if any stimulating effect could be noted
by any of the measurements used.
SEEDLING PLANTS.
In addition to the plants above described, seeds of lettuce,
radishes, tomatoes and cabbaga were sown in parallel rows in
such a way that the range of the influence of the lamp might
be studied. The results as shown by these plants are recorded
in Figs. 15, 16, 17 and 18. The plants here shown were those
which stood at 3, 6. 9, 12, 15, IS, etc., up to 30 feet from the
light. The individuals chosen were such as happened to stand
at that particulur point in a row of seedlings : there is therefore
a less uniform graduation from point to point than actually
shown by the plants upon the bench. The photographs are all
of one accord, however, in showing the marked effect upon the
plants up to 12 or 15 feet, as the case may be, and then follows
a more or less uniform series of plants, as is shown in the case
of the tomato, Fig. (17); or a gradual dimunition in size as is
shown in the lettuce, Fig. (15) ; the radishes, Fig. (18) ; and in
the cabbage, Fig. (16.)
The striking results of the stimulating influence of the light
is shown by none of the plants used in the tests better than by
the spinach and cabbage ; the radish is third insusceptibility,
lettuce fourth and tomatces fifth.
The results recorded by. the behavior of the plants is interest-
ing when considered in connection with the natural distri-
bution of the luminary rays from the incandescent mantle of
the Welsbach burner.
The way in which luminous rays are given off by the electric
arc lamp and by the Welsbach incandescent gas lamp is at
1 See Journal Franklin Institute, Vol. CXLV, April, 1898.
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once striking and interesting. The influence of the form of
the luminous centre is clearly shown iD the accompanying
diagrams, (Figs. 19 and 20.) The diagrams show how the light
is thrown off by the bare lamps, Fig. 19 showing the light dis-
tribution for the arc electric, and Fig. 20 that of the incandes-
cent gas lamp of the Welsbach Co, "By a bare Welsbach
lamp is meant the Welsbach lamp without globe or reflector.
TABLE III.
LIGHT DISTRIBUTION OF THE BARE WELSBACH GAS LAMP.
Angles measured from
Belc w Horizontal. Above Horizontal.
the horizontal.
Horizontal 0o 100 100
10o 196.2 99.7
20 o 88.4 98.3
30o 77.0 90.5
40° 63 3 82.7






Table III shows that there is a continous decrease in the lumi-
nous intensity as we pass into the different directions lying be-
low the horizontal plane of the lamp, and this decrease is more
rapid the more nearly we come vertically under the lamp.
Vertically under the lamp it is almost dark, for there the inten-
sity falls to only 0.4 per cent, of what it is at the same distance
horizontal!}'. Above the horizontal plane the distribution of
light is very similar, but the decrease is far smaller. The re-
sults show that the greater part of the light produced is sent
upwards to about 20° above the horizontal plane.
The rapid diminution of lighting power as we come under-
neath the We'sbach lamp, which is peculiar to this lamp, is not
astonishing when we consider that the mantles, after a very
short time, assume a form which is smaller above, and that any
light sent from the upper portions of the mantle is obstructed
Plate IX
Fig. 19.—Bare arc lamp.
Fig. 20.—Bare Welsbach.
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in its path downwards by the wider lower portions. There are
similar phenomena, however, even in the Argand flame."
A comparison of the diagrams shown in Figs. 19 and 20 gives
a clear idea of the distribution and range of the light from the
arc electric and from the Welsbach gas lamps. The distance
between lines gives an idea of the intensity of the lights at
various angles and distances. Angles are noted at the top of
the scale bar and distances underneath. The angle covered by
the gas lamp is much greater than fur the electric light ; the
distribution of the light from the electric lamp is therefore
more localized and is more intense than is the case with the
Welsbach. The greatest quantity of light is given off from the
electric light within the area marked 11^ to 24 feet, from the
perpendicular ; while the light is much less intense from the
Welsbach and is given off over a belt covered by 8£ to 17 feet,
from the perpendicular, 12 feet being the place of maximum
intensity of the light.
It is a strange but striking coincidence that the diagram here
given for the Welsbach lamp should so closely correspond with
the growth of the soedling plants reproduced in Figs. 15, 16, 17
and 18.
The light diagrams, Figs. 19 and 20, are from the Journal of
the Franklin Institute, and are here used by courtesy of the pub-
lishers.
The range of the Welsbach lamp, as stated in the results of
the test, is from 1216 feet for the greatest stimulating influ-
ence with a marked influence up to 21 feet. The diagram
makes this deduction even more emphatic and gives a reason
for it, and what is still more gratifying, the conclusions and de-
ductions recorded in the description of the experiments were
all made before the writer had any knowledge of the light
chart here reproduced. The peculiar behavior of the plants
nearest the lamp now becomes easily accounted for. The
fact is that plants in this position were in the dark and received
no stimulating influences from the light, instead of being in-
jured by it.
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TIIE CHARACTER AND QUALITY OF THE LIGHTS USED.
Line chart G gives the plotted curve of the spectra for (he
arc electric light, tor the Welsbach light and for the incandes-






When Sunlight is unity the lamps






































































The lettered line, A to G, represents the spectra of sun-light,
while the other curves give the ratio which the various colors
in the lamps bear to sun-light. The letters A to G represent
the primary co'ors of the spectrum. A is red, B orange, C yel-
low, D green, E blue, F indigo, G violet.
Lines which extend above line A-G have more of the colors
through whose territory they pass than does sun-light, i. e. all
three lamps have more red, orange and yellow than sun-light
when their sodium or D lines are made equal. The lines which
fall below line A-G show the light to be poorer than sun-light
in those colors through whose territory they pass, thus all
three lights are poorer than sun-light in blue while while the
arc-light alone contains as many violet rays as sun-light.
It will be noted that the lights stand in the following order
1 See an article in "Progressive Age" of July 1, 1899, written by Truchot. The tests
were made by Von Mutzel on a Ulaw-Wogei photometer.
















rV& " ^ 3 ^














108 WEST VIRGINIA EXPERIMENT STATION.
in regard to red, orange and yellow—incandescent electric
most, Welsbach next, arc-electric least or nearest to sun-light.
The arc-electric, while poorer in reds and yellows, is much
richer than the Welsbach in blue, indigo and violet. The Wels-
bach has more blue than the incandescent electric, yet they
are equal in the indigo with the Welsbach slightly weaken in
violet and ultra-violet.
With this comparison of the three lights which have been
used for the purpose of stimulating growth in plants some of
the peculiar results obtained may possibly become less mysteri-
ous.
The work ofOamille Flammarion 1 with plants in green houses
constructed with glass of different colors, and the remarkable
results which iollowed from the use of red, as compared with
blue, green and white or normal light, which is in the main a
coroboration of the work of Bailey and the wriler published in
Bulletin 55, of Cornell University Experiment Station, together
with the spectra ot the light used in such cases gives a possible
basis of explaining certain results obtained by Bailey with the
arc light, by Rane with the incandescent electric and by the
writer with the Welsbach.
The three lights which have been successfully used for the
purpose of stimulating plant growth are quite different from
sunlight and from each other in quality, yet each investigator
reports more or less marked results from the influence of the
light.
Bailey used a light of high candle power, containing little
more red than normal light, but also weaker in blue and again
richer in ultra violet rays. Kane used a light of exceedingly
low candle power (60 to 80) and very rich in red, orange and
yellow, but poorer than the arc or Welsbach in blue, but
equal to the latter in indigo or bright blue, and not different
from it in violet and ultra-violet.
Bailey reports injury from the use of the arc light as does
also Dherrain, while Rane records no such effect and with the
1 Translated for Experiment Station Record, Vol. X, No. 2.
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Welsbach of 560 candle power in our own experiments no in-
jury could be attributed to the light.
From all these results it would seem that the stimulus fol-
lowing from the use of the Incandescent Electric and the Wells-
bach incandescent gas light might be explained, on the basis of
the low candle power used, from their richness in red and orange
rays, while the injury from the arc light may, as Prof. Baily
remarks, be attributed to the large proportion of the active
chemical rays—ultra-violet rays in the arc-electric.
TEACHINGS OF THE TESTS.
1. The incandescent gas light of the Welsbach burner, is an
active stimulus to plant growth when used at night to supple-
ment daylight.
2. Lettuce plants subjected to the influence of the incandes-
cent gas light at night were taller and heavier than plants of
the same variety and seed sowing grown in normal conditions.
3. That lettuce and spinach subjected to the stimulating in-
fluence of the light grew faster and completed their growth in
less time than plants ot the same sorts from the same seed
sowing grown in normal conditions.
4. That no injurious effects resulted from the use of the in-
candescent gas light.
5. That the stimulating influence of the light as indicated by
the growth of plants used in the various tests is shown by the
order in which the sorts are named, the first being the most sus-
ceptible—spinach, cabbage, radish, lettuce, tomato.
6. That the range of the light is somewhat variable for the
different crops. In general the maximum growth was attained
at 12 to 16 feet from the light while a percptible increase was
noticed at 24 feet.
7. Bloom record of tomatoes shows markedly earlier bloom
in the light house.—eight days the least and eighteen days the
greatest difference.
8. That in the case of radishes top growth was stimulated
but evidently not markedly at the expense of root. With
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sugar beets top growth was greatly stimulated evidently at the
expense of root growth.
9. That while the roots of beets grown in the normal house
were larger than those in the light house, the sugar contents
and the per cent, purity was markedly higher in the light
house grown roots.
10. Spinach, lettuce and radishes all tend to make seed stalks
earlier under the light than in normal conditions.
11. Lettuce and spinach under the influence of the incan-
descent gas light not only grew faster during the growing period
but the period was actually longer than for plants in the normal
house.—See auxanometer records, pages 88 and 89.
L. C. Corbett.
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Application for bulletins of this Station should be addressed
to the Director of the West Virginia Agricultural Experiment
Station, Morgantown, W. Va.
(The bulletins named below are available for distribution.)
No. 4. The Creamery Industry; Its Adaptability to West Vir-
ginia.
No. 5. The Selection of Milch Cows.
No. 6. Six Month's Experience in Running a Creamery; Im-
proved Process of Handling Cream and Churning.
No. 12. The Canada Thistle.
No. 14. Farm and Garden Insects and Experiments with
Remedies; Notes of the Season.
No. 15. Raspberry Gouty-Gall Beetle.
No. 16. Yellow Locust, Insect Ravages upon.
No. 17. Black Spruce, Insect Ravages.
No. 19. Your Weeds and Your Neighbor's, Part 1. Weeds as
Fertilizers.
No. 20. Potato Culture and Fertilization. Tests of Some Varie-
ties of Tomatoes.
No. 21. Injurious Insects and Plant Diseases.
No. 25. Plat Experiments with Commercial Fertilizers on
Wheat.
No. 26. Inspection of Commercial Fertilizers,
Notes on Pruning.
Plat Experiments with Commercial Fertilizers on Corn.
Experiments with Potatoes at the Station. Experi-
ments on Corn at the Out-Stations.
Address and Notes on Sheep.
Sub-Irrigation in the Green house.
Potato Blight, Potato Scab.
Commercial Fertilizers.
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Unhealthy Conditions of the Spruce and Pine From 1880-
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No. 59. Whole Corn Compared with Corn Meal for Fattening
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No. 60. Poultry Experiments.
No. 61. Sheep Feeding Experiments.
No. 62. A Study of the Effect of Incandescent Gas-light on
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